Objective: The prognostic importance of the speed of early hematoma growth in acute intracerebral hemorrhage (ICH) has not been well established. We aimed to determine the association between the rate of increase in hematoma volume and major clinical outcomes in the Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage Trial (INTERACT) studies. The effects of early intensive blood pressure (BP) lowering according to the speed of hematoma growth were also investigated.
A recent observational study proposed that the speed of ultraearly hematoma growth (UHG) could be considered a new predictor of poor outcome in patients with acute intracerebral hemorrhage (ICH). 1 UHG, calculated as the initial hematoma volume (mL) divided by time from onset to initial imaging (hours) represents the speed of initial bleeding before hospital presentation, and was shown to predict subsequent hematoma growth and poor clinical outcomes. However, this finding has not been validated in other populations of acute ICH. The objectives of this analysis were to determine the association of speed of UHG with clinical outcomes and hematoma growth in more than 3,000 patients with acute ICH, represented by pooling data from the pilot and the main phases of the Intensive Blood Pressure Reduction in Acute Cerebral Hemorrhage Trial (INTERACT) studies. [2] [3] [4] We also assessed whether the treatment effects of early intensive blood pressure (BP) lowering seen in these studies was modified by the speed of UHG.
METHODS Study design and participants. INTERACT1
and INTERACT2 were international, multicenter, open, blinded endpoint, randomized controlled trials, as described in detail elsewhere. [2] [3] [4] In brief, 404 and 2,839 patients, respectively, with spontaneous ICH within 6 hours of onset and elevated systolic BP (SBP, 150-220 mm Hg) were randomly assigned to receive intensive (target SBP ,140 mm Hg within 1 hour) or guidelinerecommended (target SBP ,180 mm Hg) BP-lowering therapy. In predefined CT substudies, 1,310 patients (346 INTERACT1, 964 INTERACT2) underwent a repeat CT at 24 hours using the same procedure as the baseline CT.
Standard protocol approvals, registrations, and patient consents. The study protocol was approved by the appropriate ethics committee at each participating site, and written informed consent was obtained directly from the patient or an appropriate surrogate. The INTERACT studies are registered with ClinicalTrials.gov, numbers NCT00226096 and NCT00716079.
Procedures. Demographic and clinical characteristics were recorded at the time of enrollment, with stroke severity measured using the Glasgow Coma Scale and NIH Stroke Scale (NIHSS) at baseline, 24 hours, and at day 7 (or earlier upon discharge from hospital). In the CT substudies, CT scans were performed according to standardized techniques at baseline and at 24 6 3 hours after the initial CT. For each CT scan, uncompressed digital CT images were collected in DICOM (Digital Imaging and Communications in Medicine) format on a CD-ROM identified only with the patient's unique study number. For each study, hematoma volumes were calculated independently by trained neurologists who were blinded to clinical data, treatment, and date and sequence of scan, using computer-assisted multislice planimetric and voxel threshold techniques in MIStar (version 3.2). Interreader reliability was checked by periodic reanalysis of the scans (10% in INTERACT1 and 15% in INTERACT2) throughout the study to avoid drift (intraclass correlation coefficients, 0.97 for INTERACT1 and 0.92 for INTERACT2). UHG was defined as baseline hematoma volume (mL) without intraventricular hemorrhage divided by time from stroke onset to initial CT (hours).
Outcomes. The primary clinical outcome was death or major disability (defined by scores 3-6 on the modified Rankin Scale [mRS]) at 90 days. Secondary clinical outcomes were death and major disability (mRS scores 3-5) separately. The main outcome of the CT substudies was the absolute growth of hematoma at 24 hours.
Statistical analysis. Descriptive baseline demographic values
and risk factors were summarized as mean (SD) or median (interquartile range) for continuous variables, and as number (%) for categorical variables. Three patient groups of UHG defined by speeds of ,5, 5-10, and .10 mL/h were used in analyses, with baseline characteristics across these groups compared with Kruskal-Wallis test for continuous variables and x 2 test for categorical variables. The association of speed of UHG on clinical outcomes was estimated in logistic regression models adjusted for age, sex, region of recruitment (China vs other), diabetes, BP-lowering therapy, antithrombotic therapy, SBP, glucose, high ($14) NIHSS score, hematoma location, intraventricular extension, randomized treatment, and trial. In the analysis of the CT substudies, the relation between the speed of UHG and absolute change in hematoma volumes was assessed using analysis of covariance and logistic regression models, which included as covariates age, sex, region, diabetes, BP-lowering therapy, antithrombotic therapy, SBP, glucose, hematoma location, intraventricular extension, randomized treatment, and trial. The effects of early intensive BP lowering on clinical outcomes and hematoma growth were also assessed by logistic regression models and by analysis of covariance including hematoma location and trials as covariates, respectively. Comparisons of treatment effects across patient groups were performed by adding interaction terms to the statistical models. A standard level of significance (p , 0.05) was used and the data were reported with odds ratios (ORs) and 95% confidence intervals (CIs). All data were analyzed with the use of SAS software (version 9.3; SAS Institute, Cary, NC).
RESULTS

Speed of UHG and clinical outcomes.
Among 3,243 participants of the INTERACT pooled cohort, 2,909 (90%) with information on baseline hematoma volume, time from onset to initial CT, and mRS at 90 days, were included in analysis of clinical outcome. Median speed of UHG was 6.2 (2.7-13.3) mL/h. A total of 1,256 patients (43%) had UHG speeds of ,5 mL/h, and 662 (23%) and 991 (34%) had UHG speeds of 5-10 and .10 mL/h, respectively, as shown in table 1. Patients with faster UHG were younger and less likely to be hypertensive, diabetic, and receiving premorbid antihypertensive therapy, and they had higher diastolic BP, glucose levels, and NIHSS scores at baseline. A total of 1,545 patients had either died or were left with major disability (poor outcome) at 90 days. Associations between speed of UHG and clinical outcomes are shown in table 2 and figure 1. There were linear associations of speed of UHG with the frequency of the poor outcome: 39%, 55%, and 70% for patient groups defined by UHG levels of ,5, 5-10, and .10 mL/h, respectively (p , 0.0001 for trend). These associations remained significant after adjustment for age, sex, region, diabetes, BP-lowering therapy, antithrombotic therapy, SBP, glucose, high NIHSS score, hematoma location, intraventricular extension, trial, and randomized treatment: OR 1.90 (95% CI 1.50-2.39) for 5-10 mL/h and 2.96 (2.36-3.71) for .10 mL/h compared with the ,5 mL/h group. Similar associations were observed for secondary outcomes of death and major disability separately (p , 0.0001 and p , 0.0001 for trend, respectively).
UHG and hematoma growth in CT substudies. Among 1,310 selected patients of the CT substudies, 1,305 with information on time from onset to initial CT time were included in hematoma growth analysis. Baseline characteristics of 1,305 patients by speed of UHG are shown in table e-1 on the Neurology ® Web site at Neurology.org. Associations between speed of UHG and absolute hematoma growth are shown in table 3. Speed of UHG was associated with mean absolute hematoma growth: 2.2 (95% CI 0.9-3.4), 3.7 (2.0-5.5), and 4.9 (3.5-6.3) mL for patient groups defined by UHG levels of ,5, 5-10, and .10 mL/h, respectively (p 5 0.004 for trend). However, the strength of this trend became insignificant after adjustment for age, sex, region, diabetes, BP-lowering therapy, antithrombotic therapy, SBP, glucose, hematoma location, intraventricular extension, trial, and randomized treatment (p 5 0.09 for trend). Associations were observed when hematoma growth was used as binary outcomes with different cutoff points (3, 6, and 12.5 mL), even after adjustment for the same variables (p , 0.0001, p , 0.0001, and p , 0. 0001 for trend, respectively).
Effects of randomized intensive BP lowering by speed of UHG. There was no evidence of differences in magnitude of the therapeutic effects of intensive BP lowering on death or major disability across the 3 speed groups of UHG: adjusted OR 0.92
Figure 1 Association between UHG and clinical outcomes
Association between UHG and clinical outcomes according to death or major disability (A), death (B), and major disability (C). Solid boxes represent odds ratio, and vertical lines 95% CI; ,5 (mL/h) is reference. Results were adjusted for age, sex, region, diabetes, blood pressure-lowering therapy, antithrombotic therapy, systolic blood pressure, glucose, high score ($14) on the NIH Stroke Scale, hematoma location, intraventricular extension, trial, and randomized treatment. CI 5 confidence interval; UHG 5 ultraearly hematoma growth. (95% CI 0.73-1.16), 0.83 (0.61-1.13), and 0.81 (0.62-1.07) for UHG speeds of ,5, 5-10, and .10 mL/h, respectively (p 5 0.75 for homogeneity, figure 2A ). There were also comparable effects of intensive BP lowering on mean absolute hematoma growth across the 3 speeds of UHG: absolute hematoma growth (mL) 1.41 (95% CI 20.45 to 3.27), 3.25 (20.02 to 6.52), and 1.35 (22.30 to 5.00), respectively (p 5 0.66 for homogeneity, figure 2B ).
DISCUSSION
The present pooled analysis of the 2 INTERACT studies, which included more than 3,000 patients with acute ICH, demonstrates significant linear associations of the speeds of UHG with absolute hematoma growth at 24 hours and subsequent poor clinical outcome at 90 days. Increased hematoma growth and increased poor clinical outcome were observed for the 2 categories of UHG speeds greater than 5 mL/h. These data also indicate that intensive BP-lowering treatment is likely to have comparable beneficial effects irrespective of the speed of UHG. Our analysis confirms the findings of a recent single-center study of 133 patients with acute ICH in which elevated UHG speeds of .10.2 mL/h were independently associated with hematoma growth and death or disability at 90 days. 1 However, our study included a larger and broader range of patients, and demonstrated that faster UHG was related to both higher risks of death or major disability and hematoma growth, at least from the UHG speed of 5 mL/h, which is a lower cutoff point for prediction of 90day death or major disability than in the prior report.
UHG speed represents the average speed of initial bleeding before brain imaging, 1 where patients with faster UHG may have a larger culprit rupture point or fragility of vessel wall (e.g., advanced degenerative changes 5, 6 and amyloid angiopathy 7 ) to cause continuous bleeding, rebleeding, and subsequent hematoma growth. In particular, both the infrequency of history of hypertension and high frequency of lobar hematoma location in patients with faster UHG might represent a causal relationship. Some patients with nonhypertensive ICH, in the case of amyloid angiopathy, might have fast UHG. In addition, rapid growth of hematoma may cause secondary injury in small vessels surrounding the hematoma and result in further hematoma growth. 8, 9 Because hematoma growth is a strong predictor of poor clinical outcome after acute ICH, 10 larger hematoma growth observed in faster UHG groups is likely to be an important mechanism underlying the link between UHG speed and clinical outcome.
Treatment strategies using novel interventions (e.g., hemostatic agents) based on selection of patients with ICH at high risk of future hematoma growth have been proposed. 9, [11] [12] [13] Risk stratification of patients is usually based on the use of oral anticoagulants 11, 12 and/or spot sign on CT angiography. 13 However, the clinical utility of the spot sign is limited by the requirement for clinical expertise and appropriate imaging (multislice spiral CT and contrast agent); and the optimal, standardized imaging procedures for the spot sign have not yet been established. 14, 15 Conversely, UHG speed arguably has greater potential as a simple marker for selecting patients with ICH at high risk of future hematoma growth for aggressive monitoring and treatment.
Although caution is required generalizing these data to patients with large hematomas and in determining those with the most to gain (or be harmed) from surgical intervention. The main results of the INTERACT2 study suggest that early intensive BP-lowering treatment can improve functional outcomes without any increase in mortality or serious adverse events in patients with acute ICH. 4 In the present analysis, there was no evidence of heterogeneity in the effects of the study treatment on death or major disability, or on hematoma growth, among patients with different UHG speeds. Thus, intensive BP lowering is likely to be a generalizable treatment strategy across a broad range of patients with acute ICH. 4 While key strengths of the INTERACT pooled analysis include the large sample size and heterogeneous patient population with early rigorous prospective evaluations after acute ICH, we recognize there are also several limitations. First, the present analysis was not prespecified. Therefore, the findings are exploratory and further validation is necessary. Second, UHG speed may have been underestimated because of misclassification in patients without accurate information on the time of onset of symptoms and in those whose bleeding had stopped before the initial imaging assessment. In these analyses, we have assumed a linear UHG but the bleeding may be markedly nonlinear. Third, because patients with a very high likelihood of early death and planned surgical evacuation of hematoma were excluded from the INTERACT studies, these findings may not be applicable to patients with severe ICH.
The speed of UHG had a strong positive association with absolute hematoma growth and subsequent poor clinical outcomes in a broad range of patients with ICH from heterogeneous populations. We have shown that the cutoff point for the speed of UHG at which higher risks of poor prognosis are seen from higher speeds after acute ICH is approximately 5 mL/h, which is lower than previously reported. These data extend the main results of INTERACT2 by showing that intensive BP lowering provided similar levels of treatment effects for clinical outcomes and hematoma growth irrespective of the speed of UHG. Thus, the speed of UHG appears to be a simple and validated predictor of poor outcome in patients with acute ICH.
